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Abstract 

Background: Surgical intervention-related trauma contributes largely to the development of postoperative 
immunosuppression, with reduced resistance to secondary bacterial infection. This study compared the impact of 
laparotomy versus laparoscopy on macrophage-associated bactericidal ability and examined whether laparotomy 
renders the host more susceptible to microbial infection. 

Results: BALB/c mice were randomized into control, laparotomy, and laparoscopy groups. Laparotomy, but not 
laparoscopy, significantly downregulated CR3 expression on macrophages, diminished macrophage-induced uptake 
and phagocytosis of £ coli and 5. aureus, and impaired macrophage-mediated intracellular bacterial killing. 
Consistent with this, mice that underwent laparotomy displayed substantially higher bacterial counts in the blood 
and visceral organs as well as a significantly enhanced mortality rate following bacterial infection, whereas mice 
subjected to laparoscopy did not show any defects in their bacterial clearance. 

Conclusion: Laparotomy has an adverse effect on host innate immunity against microbial infection by impairing 
macrophage-mediated phagocytosis and killing of the invaded bacteria. By contrast, laparoscopy appears to 
preserve macrophage-associated bactericidal ability, thus alleviating the development of postoperative 
immunosuppression. 

Keywords: Laparotomy, Laparoscopy, Phagocytosis, Bactericidal activity, Innate immunity, Macrophages 



Background 

The innate immune system plays a critical role in 
protecting the host against microbial infection, and this 
function relies on a rapid detection of pathogen- 
associated molecular patterns (PAMPs) present on mi- 
crobial pathogens by Toll-like receptors (TLRs) and 
other pattern-recognition receptors (PRRs) expressed by 
innate immune cells such as monocytes/macrophages, 
with an ultimate inflammatory response [1,2]. Among 
the innate immunity-comprised host defense functions, 
phagocytosis of the invaded pathogens by professional 
phagocytes including macrophages and polymorphonuclear 
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neutrophils (PMNs) is of crucial importance for the host 
to clear these pathogens from the body [3-5]. Phagocytosis 
is initiated by TLR- associated recognition of, followed by 
engulfment of the invading pathogens by phagocytes via 
phagocytic receptors, and once the phagosome is formed, 
the ingested microbial pathogens are degraded and killed 
within phagocytes through a process of phagosome/lyso- 
some fusion [4-7]. 

Accumulated data have well-documented that surgical 
intervention-related trauma contributes to the develop- 
ment of postoperative immunosuppression that is re- 
sponsible for an increased risk of secondary bacterial 
infection [8-13]. Surgical trauma primes and activates 
monocytes/macrophages and PMNs, and results in in- 
flammatory mediator release from these cells. Although 
these mediators have a theoretically beneficial role, they 
may, if excessively released, lead to the systemic inflam- 
matory response syndrome (SIRS), a condition that sub- 
sequently causes inhibition of host immune reactions, 
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damage to cells and tissues, and end-organ dysfunction 
[14-17]. Watson et al [18] found that open laparotomy 
significantly enhanced the release of the proinflamma- 
tory cytokine TNF-a and reactive oxygen-derived species 
superoxide anion from peritoneal macrophages, but 
markedly impaired macrophage-mediated phagocytic ac- 
tivity. In contrast, laparoscopy does not trigger an appar- 
ent systemic inflammatory response, largely as a result 
of reduced wound trauma [13,18-20]. Indeed, a clinical 
study has demonstrated better preservation of monocyte 
functions in patients undergoing laparoscopic versus 
open cholecystectomy [21]. 

Although open laparotomy has been shown to induce 
an unfavourable host immune response with increased 
inflammatory mediator release and decreased phagocytic 
function in macrophages, it is unclear whether open 
laparotomy has an adverse effect on macrophage- 
associated bactericidal activity. We hypothesized that 
open laparotomy leads to an impaired bactericidal ability 
in macrophages, thus rendering the host more sus- 
ceptible to microbial infection. We report here that 
laparotomy in contrast to laparoscopy is associated with 
reduced phagocytic receptor expression, impaired 
macrophage-mediated bacterial phagocytosis and killing, 
and delayed bacterial clearance in a murine model, 
which may facilitate the development of microbial infec- 
tion postoperatively via the established immunosuppres- 
sive state. 

Methods 

Mice and surgical procedures 

Pathogen-free, 8- to 10-week old BALB/c mice were 
housed in barrier cages under controlled environmental 
conditions (12/12 h of light/dark cycle, 55% ± 5% humi- 
dity, 23°C) in the experimental animal center of Affili- 
ated Children's Hospital, Soochow University (Suzhou, 
China), and had free access to standard laboratory chow 
and water. All animal procedures were approved by the 
Animal Care and Use Committee of Soochow University 
before the experiment, and conducted under the Guide- 
lines for Animal Care and Use of Soochow University. 

Mice were fasted for 12 h before experiments but 
allowed water ad libitum, and randomized into one of 
the three groups: control, laparotomy, and laparoscopy. 
Mice in the control group underwent general anesthesia 
with intramuscular injection of 100 ul ketamine/xylazine 
admixture (150 ul ketamine + 150 ul xylazine made up 
to 1 ml with 0.9% saline) but no surgical procedures. 
Mice in the laparotomy group underwent a 2-cm mid- 
line abdominal incision under a sterile condition. The 
wound edges were retracted to allow for appropriate air 
exposure of the peritoneal contents for 15 min but with- 
out taking the gut out of the peritoneal cavity. The abdo- 
men was then closed with 6/0 prolene sutures. Mice in 



the laparoscopy group had inflation of the peritoneal 
cavity with carbon dioxide using an 18-G needle through 
the lower midline of the abdomen, with a maximum 
pressure of 5 mmHg for 15 min, to create a sterile C0 2 
pneumoperitoneum. 

Detection of phagocytic receptor expression on 
peritoneal macrophages 

Peritoneal lavage was collected from the control mice 
and mice that underwent laparotomy or laparoscopy 
24 h after the surgical procedures, and dual stained 
with anti-F4/80 antigen (Serotec, Oxford, UK), anti- 
complement receptor type 3 (CR3) (BD PharMingen, 
San Diego, CA), and anti-Fcylll/II receptor (FcyR) (BD 
PharMingen) mAbs conjugated with PE or FITC. PE- 
or FITC-conjugated anti-mouse isotype-matched mAbs 
(Serotec) (BD PharMingen) were used as negative con- 
trols. Erythrocytes were lysed using lysis buffer (BD Bio- 
sciences). FACScan analysis was performed from at least 
10,000 events to detect the surface expression of CR3 
and FcyR on macrophages (F4/80-positive cells) using 
CellQuest software (BD Biosciences). 

Assessment of bacterial uptake and phagocytosis by 
peritoneal macrophages 

FITC-conjugated gram-negative Escherichia coli (E. coli) 
and gram-positive Staphylococcus aureus (S. aureus) 
were obtained from Molecular Probes (Eugene, OR). 
Bacterial uptake that includes both the ingested bacteria 
and the bound but non-ingested bacteria, and bacterial 
phagocytosis that includes the ingested bacteria only 
were determined as described previously [22,23]. Briefly, 
peritoneal lavage was collected from the control mice 
and mice that underwent either laparotomy or laparos- 
copy 24 h after the surgical procedures and incubated 
with 1 x 10 6 colony formation units (CFU)/ml of FITC- 
labeled E. coli or S. aureus at 37°C for 15 and 30 min. 
Bacterial uptake by peritoneal macrophages was assessed 
by FACScan analysis. Peritoneal macrophages were iden- 
tified by their positive staining for anti-F4/80 antigen. 
Bacterial phagocytosis was further determined after the 
external fluorescence of the bound, but non-ingested, 
bacteria was quenched with 0.025% crystal violet 
(Sigma- Aldrich, St. Louis, MO). 

Determination of macrophage-mediated intracellular 
bacterial killing 

Peritoneal lavage was collected as mentioned above. 
Macrophages in the peritoneal lavage were isolated by 
removal of the suspension cells after a 90-min adherence 
step. Purity of the isolated peritoneal macrophages was 
usually >95% as confirmed by FACScan analysis of the 
F4/80-positive cells. 
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Isolated peritoneal macrophages were chased with live 
E. coli or S. aureus (ATCC, Manassas, VA) at 37°C with a 
macrophage/bacteria ratio of 1:20 for 10 min, and this 
time point was marked as time 0. Thereafter, macrophages 
and bacteria were co-cultured at 37°C for further 30 and 
60 min, and these time points were marked as time 30 
and 60, respectively. After removal of the culture superna- 
tants at each time point, macrophages were washed with 
PBS and lysed in 0.5 ml lysis buffer containing 0.5% Triton 
X-100 ( Sigma- Aldrich) for 10 min. Serial 10-fold dilutions 
of the cell lysates were plated on lysogeny broth agar 
(Sigma- Aldrich) or trypticase soy agar (Merck, Darmstadt, 
Germany), and cultured for 24 h at 37°C for determination 
of bacterial CFU. Intracellular bacterial killing by macro- 
phages, as represented by the bactericidal rate, was cal- 
culated using the following formula: bactericidal rate 
(%) = 1 - (CFU at time 30 or time 60 / CFU at time 0 x 
100%). 

Peritoneal macrophages isolated from the control mice 
and mice that underwent either laparotomy or laparos- 
copy 24 h after the surgical procedures were pretreated 
with 50 uM 1400 W (N-(3-(Aminomethyl)benzyl)aceta- 
midine) (Sigma- Aldrich), a highly selective inducible nitric 
oxide synthase (iNOS) inhibitor for 4 h, and then chased 
with live E. coli or S. aureus at 37°C with a macrophage/ 
bacteria ratio of 1:20 for 10 min. The bactericidal rate was 
assessed as described previously. 

Detection of intracellular nitric oxide formation in 
peritoneal macrophages 

Peritoneal lavage was collected from the control mice 
and mice that underwent laparotomy or laparoscopy 
24 h after the surgical procedures as mentioned above. 
Intracellular nitric oxide (NO) formation in peritoneal 
macrophages was detected by using the fluorescent 
probe 4-amino-5-methylamino-2',7'-difluorescein (DAF- 
FM) diacetate (Molecular Probes) as described previously 
[23]. Briefly, peritoneal cells in the lavage were incubated 
with culture medium or 1 x 10 6 CFU/ml heat-killed bac- 
teria of either E. coli or S. aureus at 37°C for 30 min, and 
further loaded with 5 uM DAF-FM diacetate and stained 
with PE-conjugated anti-F4/80 antigen mAb (Serotec) for 
additional 30 min. Intracellular NO formation in periton- 
eal macrophages (F4/80-positive cells) was detected by 
FACScan analysis. 

Examination of bacterial clearance and animal survival in 
bacteria-infected mice 

Gram-negative E. coli and gram-positive S. aureus were 
cultured at 37°C in LB broth (Sigma- Aldrich) or trypticase 
soy broth (Merck), harvested at the mid-logarithmic 
growth phase, washed twice, and resuspended in PBS for 
in vivo use. The concentration of resuspended bacteria 



was determined and adjusted spectrophotometrically at 
550 nm. 

To enumerate bacterial counts in the blood and vis- 
ceral organs, mice in the control group and mice that 
underwent laparotomy or laparoscopy 24 h after the sur- 
gical procedures received an intraperitoneal injection of 
200 ul PBS containing either live R coli (0.75 x 10 7 CFU/ 
mouse) or live S. aureus (1 x 10 7 CFU/mouse). All mice 
were killed at 24 and 48 h after bacterial infection by 
cervical dislocation. Blood samples were obtained by ret- 
inal artery puncture, and the dissected liver, spleen and 
lung were homogenized in sterile PBS. Serial 10-fold di- 
lutions of whole blood and organ homogenates in sterile 
water containing 0.5% Triton X-100 were plated on LB 
agar or trypticase soy agar, and cultured for 24 h at 37°C 
for determination of bacterial CFU. 

To compare the mortality rate after bacterial infection 
between different experimental groups, mice in the con- 
trol group and mice that underwent either laparotomy or 
laparoscopy 24 h after the surgical procedures received an 
intraperitoneal injection of live E. coli (1.5 x 10 7 CFU/ 
mouse) or live S. aureus (2 x 10 7 CFU/mouse). Survival 
was monitored for at least 14 days. 

Statistical analysis 

All data are presented as mean ± SD. Statistical analysis 
was performed with GraphPad software, version 5.01 
(Prism, La Jolla, CA). Comparison between groups was 
carried out using analysis of variance (ANOVA) for nor- 
mally distributed data and Mann- Whitney U test for 
non-parametric data. Differences were judged statisti- 
cally significant when the p value was less than 0.05. 

Results 

The effect of surgery on phagocytic receptor expression 

To assess the impact of laparotomy versus laparoscopy 
on phagocyte-associated antimicrobial activity, we first 
measured the surface expression of two phagocytic re- 
ceptors, CR3 and FcyR, on peritoneal macrophages col- 
lected from mice subjected to either laparotomy or 
laparoscopy 24 h after the surgical procedures. FACScan 
analysis demonstrated that laparotomy led to signifi- 
cantly downregulated expression of CR3 on macro- 
phages when compared with the control mice (p = 
0.0104) (Figure 1), whereas macrophages from mice that 
underwent laparoscopy did not show any reduction in 
their CR3 expression, with similar levels to those ob- 
served in macrophages from the control mice (Figure 1). 
In contrast to the CR3 expression, there were no signifi- 
cant differences in FcyR expression on macrophages 
found in mice among control, laparotomy, and laparos- 
copy groups (Figure 1). 
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Figure 1 Expression of phagocytic receptors CR3 and FcyR on 
peritoneal macrophages among control, laparotomy, and 
laparoscopy groups. Peritoneal lavage was collected from the 
control mice (n = 8) and mice that underwent laparotomy (n = 8) or 
laparoscopy (n = 8) 24 h after the surgical procedures. Surface 
expression of CR3 and FcyR on peritoneal macrophages was 
assessed by FACScan analysis and expressed as mean channel 
fluorescence (MCF) per cell. Data are presented as mean ± SD. 
*p < 0.05 compared with control mice, *p < 0.05 compared with 
mice that underwent laparotomy. 
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Figure 2 Bacterial uptake and phagocytosis by peritoneal 
macrophages in the control mice and mice that underwent 
laparotomy or laparoscopy. Bacterial uptake and phagocytosis 
were assessed after peritoneal macrophages were incubated with 
heat-killed E. coli or S. aureus for 15 (A) and 30 (B) min and 
compared between control (n = 14), laparotomy (n = 14), and 
laparoscopy (n = 14) groups. Data are mean ± SD of triplicate 
samples from at least five to seven independent experiments and 
expressed as mean channel fluorescence (MCF) per cell. *p< 0.05 
compared with control mice, + p< 0.05 compared with mice that 
underwent laparotomy. 



The effect of surgery on macrophage-mediated bacterial 
uptake, ingestion, and intracellular killing 

Next we examined whether surgery (laparotomy versus 
laparoscopy) influences macrophage-mediated uptake, 
phagocytosis, and intracellular killing of gram-negative 
E. coli and gram-positive S. aureus. Uptake and phago- 
cytosis of either E. coli or S. aureus by macrophages 
from mice that underwent laparotomy were significantly 
less than those observed in macrophages from the con- 
trol mice at 15 min post macrophage and bacteria co- 
cultures (p < 0.05), whereas macrophages from mice that 
underwent laparoscopy had similar levels of bacterial 
uptake and ingestion to those seen in macrophages from 
the control mice (Figure 2A). At 30 min post macrophage 
and bacteria co-cultures, significantly reduced uptake and 
phagocytosis of E. coli or S. aureus by macrophages were 
also evident in the laparotomy group (p < 0.05 versus both 
control and laparoscopy groups) (Figure 2B). 



Macrophages collected from mice that underwent lapar- 
otomy also displayed substantially diminished intracellular 
killing of both the ingested live E. coli (Figure 3A) and 
S. aureus (Figure 3B), as represented by significantly 
reduced bactericidal rates at 30 and 60 min after being 
chased with bacteria (p < 0.05 versus macrophages 
from the control mice), indicating that laparotomy re- 
sults in an impaired antimicrobial activity in phago- 
cytes. By contrast, laparoscopy did not have an adverse 
effect on macrophage-mediated intracellular bacterial 
killing; rather it strongly enhanced bactericidal rate at 
60 min after the co-culture of macrophages with live 
E. coli or S. aureus when compared with macrophages 
from the control mice (p = 0.0417; p - 0.0442) and mice 
that underwent laparotomy (p = 0.0274; ^ = 0.0225) 
(Figure 3A and 3B). 

There were no significant differences found in basal 
intracellular NO levels of macrophages among control, 
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Figure 3 Comparison of macrophage-mediated bactericidal activity and intracellular NO production between control, laparotomy, and 
laparoscopy groups. Peritoneal macrophages were isolated from control mice (n = 28) and mice that underwent laparotomy (n = 28) or 
laparoscopy (n = 28). Intracellular bacterial killing by peritoneal macrophages, as represented by the bactericidal rate (%), was determined at 30 
and 60 min after macrophages were chased with live E. coll (A) or 5. aureus (B). Intracellular NO formation in peritoneal macrophages was 
detected by FACScan analysis after macrophages were incubated with culture medium (CM) and heat-killed E. coll or S. aureus for 30 min and 
expressed as mean channel fluorescence (MCF) per cell (C). Bactericidal rate was assessed at 60 min after peritoneal macrophages pretreated with 
culture medium or the iNOS inhibitor 1400 W (50 uM) for 4 h were chased with live E. coll (D). Data are mean ± SD of triplicate samples from at 
least four to six independent experiments. *p < 0.05 compared with control mice, + p < 0.05 compared with mice that underwent laparotomy. 



laparotomy, and laparoscopy groups (Figure 3C). Intra- 
cellular NO formation in response to gram-negative E. coli 
or gram-positive S. aureus was dramatically reduced in 
macrophages from mice that underwent laparotomy when 
compared with macrophages from the control mice (p = 
0.0322; p = 0.397) (Figure 3C), whereas macrophages from 
mice that underwent laparoscopy showed significantly 
higher intracellular NO formation than that observed not 
only in macrophages from mice that underwent laparo- 
tomy (p = 0.0196; p = 0.0283) but also in macrophages 
from the control mice (p = 0.0402; p = 0.0436) (Figure 3C). 
Furthermore, blockage of iNOS activity with the highly 
selective iNOS inhibitor, 1400 W strongly attenuated 
macrophage-associated bactericidal capacity in response 
to gram-negative E. coli with no significant differences in 
bactericidal rate among control, laparotomy, and laparos- 
copy groups (Figure 3D). Similar results were also seen 
when 1400 W-pretreated macrophages were challenged 
with gram-positive S. aureus (data not shown). These 
data suggest that the impaired bactericidal activity of 
macrophages observed in mice that underwent laparo- 
tomy is, at least in part, due to the reduced intracellular 
NO formation. 



The effect of surgery on bacterial clearance and survival 
in a murine model of gram-negative or gram-positive 
infection 

As macrophages collected from mice that underwent 
laparotomy were characterized with substantially re- 
duced phagocytic receptor CR3 expression, diminished 
bacterial phagocytosis, and impaired bactericidal activity, 
we further determined whether laparotomy renders 
these mice more susceptible to bacterial infection. Bac- 
terial CFU at 24 h post gram-negative E. coli (Figure 4A) 
or gram-positive S. aureus (Figure 4B) challenge was sig- 
nificantly greater in the blood (p < 0.05) and the spleen 
(p < 0.05) of mice subjected to laparotomy compared 
with the control mice. At 48 h post E. coli (Figure 4A) 
or S. aureus (Figure 4B) challenge, significantly higher 
bacterial counts were observed in the blood and all vis- 
ceral organs measured including liver, spleen and lungs 
of mice subjected to laparotomy (p < 0.05 versus the 
control mice). These results indicate that laparotomy 
leads to a delayed clearance of the infected bacteria from 
these mice. Consistent with a preserved macrophage- 
associated bactericidal activity, mice that underwent 
laparoscopy had comparable levels of bacterial CFU in 
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Figure 4 Bacterial clearance and survival in bacteria-infected control mice and mice that underwent laparotomy or laparoscopy. 

Control mice and mice that underwent laparotomy or laparoscopy were challenged with live E coli (0.75 x 10 7 CFU/mouse) (A) or S. aureus 
(1 x 1 0 7 CFU/mouse) (B). Bacterial counts were determined in the blood, liver, spleen, and lung collected at 24 and 48 h post bacterial infection 
and expressed as Log CFU/ml. Data are mean ± SD of five to six mice per time point. *p < 0.05 compared with control mice, + p < 0.05 compared 
with mice that underwent laparotomy. Kaplan-Meier survival curves after control mice and mice that underwent laparotomy or laparoscopy 
challenged with live E coli (1 .5 x 1 0 7 CFU/mouse, n = 1 8 per group) (C) or S. aureus (2 x 1 0 7 CFU/mouse, n = 1 8 per group) (D). *p = 0.01 76 
(C) and *p = 0.0313 (D) compared with control mice, + p = 0.0395 (C) and + p = 0.0321 (D) compared with mice that underwent laparoscopy. 



the circulation and visceral organs to those observed in 
the control mice (Figure 4A and 4B). 

In response to gram-negative E. coli challenge at a le- 
thal dose of 1.5 x 10 7 CFU per mouse, control mice had 
an overall survival of 61%, whereas mice that underwent 
laparotomy showed a substantially reduced survival rate 
at 28% (p = 0.0176 versus control mice) (Figure 4C). 
Similarly, mice subjected to laparotomy were also more 
susceptible to gram-positive S. aureus infection with an 
overall survival of 39% compared with a 72% survival 
rate in the control mice (p = 0.0313) (Figure 4D). By 



contrast, the mortality rate in mice that underwent lapar- 
oscopy after live E. coli or S. aureus challenge was identi- 
cal to that seen in the control mice (Figure 4C and 4D). 

Discussion 

It has been shown that major open surgery results in an 
immunosuppressed state [8-13], which may lead to an 
increased risk of the host to develop secondary microbial 
infection postoperatively. In addition, suppressed host 
immune functions after surgery contribute positively to 
enhanced local and distant metastatic tumor growth in 
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the setting of a neoplasm [24-26]. By contrast, the lap- 
aroscopic approach, since being introduced in the early 
1990s, has been demonstrated to cause a significantly re- 
duced systemic inflammatory response with better pre- 
served host immune homeostasis than conventional 
laparotomy [10,13,18-21,27], which may account for the 
observed lower morbidity rates and faster recovery in 
patients after laparoscopic surgery compared to open 
surgery. Several factors and mechanisms have been pos- 
tulated to be responsible for the occurrence of early 
postoperative immunosuppression after major open 
surgery [8-13,18-21,28,29], for example, the severity of 
surgical intervention-related trauma, an inappropriate 
systemic inflammatory response, depressed cell-mediated 
immune reactions, and the contamination and transloca- 
tion of gram-negative bacterial lipopolysaccharide (LPS). 
Although the severity of wound trauma following open 
surgery is thought to be the primary cause for initiating 
an overwhelming inflammatory response and subse- 
quently suppressed host immune reactions [8-13], open 
laparotomy-introduced LPS contamination in the periton- 
eal cavity and gut-derived LPS translocation have been 
shown to be responsible for postoperative immunological 
alterations [18]. A wide range of depressed cell-mediated 
immune functions including chemotaxis of PMNs, 
macrophage-associated immune responses, natural kil- 
ler cell activity, lymphocyte proliferation and function 
has been observed following open surgery and is the 
feature of surgery-induced postoperative immunosup- 
pression [9-13,18-21,28,29]. 

Monocytes/macrophages and PMNs are the professional 
phagocytes of the innate immune system and form the 
first line of host defense against the invading microbial 
pathogens [1-3]. Therefore, among surgery-suppressed 
cell-mediated immune functions, the influence of open 
laparotomy on phagocyte-associated antimicrobial activity 
plays a crucial role in determining the risk of developing 
bacterial infection postoperatively. In the present study, 
we first assessed phagocytic receptor CR3 and FcyR ex- 
pression on peritoneal macrophages collected from the 
control mice and mice subjected to laparotomy or lapar- 
oscope Although laparotomy had no effect on FcyR ex- 
pression, it caused significantly reduced expression of 
CR3 on macrophages. In contrast, laparoscopy affected 
neither FcyR nor CR3 expression. Both CR3 and FcyR 
contribute predominantly to phagocyte-associated uptake, 
ingestion, and killing of the invaded microbial pathogens 
[4,5]. Therefore, any defects in CR3 and/or FcyR may lead 
to a downregulated antimicrobial response, whereas 
overexpression of these receptors results in increased bac- 
terial clearance [30]. As the macrophages collected from 
mice that underwent laparotomy had a reduced CR3 ex- 
pression, we postulated that these macrophages may also 
suffer an impaired antimicrobial activity. Consistent with 



downregulated phagocytic receptor expression, macro- 
phages collected from mice that underwent laparotomy 
displayed defects in bactericidal ability with not only sig- 
nificantly reduced bacterial uptake and phagocytosis but 
also markedly diminished intracellular killing of both the 
ingested E. coli and S. aureus. 

Macrophage-produced NO contributes to the initial 
bactericidal activity against intracellular pathogens and 
peritoneal macrophages derived from iNOS knock- 
out mice displayed impaired intracellular killing of S. 
typhimurium [31,32]. Indeed, blockage of iNOS with the 
selective iNOS inhibitor in the present study substan- 
tially attenuated macrophage-mediated bactericidal ac- 
tivity, suggesting that the reduced intracellular bacterial 
killing observed in macrophages collected from mice 
that underwent laparotomy may result, at least in part, 
from the diminished intracellular NO generation. Not- 
ably, laparoscopy, in addition to maintaining the levels 
of phagocytic receptor expression and bacterial inges- 
tion, augmented macrophage-associated bacterial killing. 
Furthermore, in response to bacterial challenges macro- 
phages from mice subjected to laparoscopy produced 
significantly more NO than macrophages from the con- 
trol mice did, which may be responsible for the in- 
creased bactericidal rate observed in the laparoscopy 
group. However, the precise mechanisms by which lapar- 
oscopy causes increased intracellular NO production 
and subsequently enhanced bacterial killing in macro- 
phages are still unclear. 

Consistent with significantly reduced phagocytic re- 
ceptor expression, diminished bacterial phagocytosis, 
and impaired bactericidal ability, mice subjected to 
laparotomy, in contrast to mice that underwent laparos- 
copy, displayed substantially delayed and reduced bacter- 
ial clearance from the circulation and visceral organs in 
response to either live E. coli or live S. aureus challenge, 
thus rendering these mice more susceptible to microbial 
infection. Notably, mice that underwent laparotomy 
showed a significantly enhanced mortality rate after 
gram-negative or gram-positive bacterial infection. Al- 
though the severity of laparotomy-associated surgical 
trauma, initiation of an inappropriate systemic inflam- 
matory response, and contamination and translocation 
of LPS may all collectively offer a conceivable expla- 
nation [8-13,18], the precise mechanism underlying 
the apparently diverse effects induced by laparotomy 
versus laparoscopy on macrophage-associated antimi- 
crobial activity has not yet been identified. Another 
limitation of the present study is that the impaired 
macrophage-mediated bactericidal activity observed in 
mice that underwent laparatomy has to be validated in 
the human setting as there are apparently different 
immune systems and responses between mice and 
humans. 
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Conclusion 

Our data indicate that laparotomy has an adverse effect 
on host innate immunity against microbial infection by 
reducing phagocytic receptor expression and impairing 
macrophage-associated bacterial ingestion and killing. 
On the other hand, laparoscopy not only maintains pha- 
gocytic receptor expression on macrophages but also 
preserves the bactericidal ability of macrophages, thus 
further supporting the evidence for recommendation of 
laparoscopic surgery over conventional laparotomy in re- 
ducing postoperative infection. 
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